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The standard open repair of infrarenal abdominal
aortic aneurysms (AAAs) has been associated in large
series with a low mortality rate, but significant mor-
bidity rate.1-3 Hospital length of stay (LOS) exceeds
7 to 8 days in most reports.4 Postoperative manage-
ment of these patients has traditionally involved
admission to the intensive care unit (ICU) for at least
the first postoperative day. The rapid development of
endovascular techniques has dramatically changed
the landscape of aortic surgery, bringing increased
scrutiny to a time-honored treatment modality. In
comparisons between endovascular and open repair
of infrarenal AAA, decreased rates of complications
have been reported, but most notably there have
been a decrease in ICU use and a reduced hospital
LOS.5,6 However, promised cost savings have not
materialized with the dissemination of this new tech-
nology.7-10 The application of endovascular treat-
ment of infrarenal AAA at our institution since 1996
prompted us to analyze the postoperative care of
patients treated with open repair. In 1994, a clinical
pathway for perioperative management of elective
AAA repairs had been introduced at our institution,
which resulted in decreased hospital LOS and
charges without lowering the quality of care.11
Beginning in late 1996, the pathway was intentional-
ly modified to include selective use of the ICU after
open infrarenal AAA repair. By 1998, one surgeon
had fully implemented the new pathway of selective
ICU use, and by 1999 the remaining surgeons began
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to participate. In this work, we retrospectively review
the results of selective use of the ICU with regard to
morbidity, death, hospital LOS, and charges.
PATIENTS AND METHODS
Consecutive elective, open infrarenal AAA
repairs performed by members of the vascular
surgery division from 1994 to 1999 were retrospec-
tively reviewed with a computerized database, the
Medical Archival Retrieval System. When electronic
medical records such as the anesthesia report were
unavailable, the paper charts were reviewed. 
During the 6-year study period, the electronic
search under procedure code 38.44 of the
International Classification of Diseases, Ninth
Revision, Clinical Modification identified 656 aortic
aneurysms. This previously used search is known to
identify more than 92% of the intended population.
There were 392 repairs excluded from analysis.
Reasons for exclusion included patients transferred
from an outside hospital presenting with a ruptured
(n = 105) or symptomatic (n = 38) AAA and under-
going nonelective repair. Thoracoabdominal proce-
dures (n = 72), suprarenal anastomoses (n = 10),
reoperative cases (n = 11), and endovascular repairs
(N = 149) including cases that required conversion to
an open procedure were also excluded. Patients
undergoing a concomitant major intra-abdominal
operation (n = 7) such as nephrectomy were also
omitted from the analysis. Infrarenal AAA was defined
with specific intraoperative criteria. Any aneurysm
that was repaired with a prosthetic graft, placed at or
below the renal arteries regardless of the position of
the aortic cross-clamp, was included. Aneurysms that
required reimplantation or concurrent bypass graft of
any renal artery were omitted from this review.
Thus, 314 infrarenal AAA repairs were identified
for this review and divided into two groups. Group
I consisted of patients admitted to the ICU for 1 or
more days (n = 245), and group II consisted of
patients admitted directly to the ward after observa-
tion in the recovery room (n = 69). Time in the
recovery room was not specified in the pathway but
was commensurate with that of other major abdom-
inal operations. All procedures were performed by
one of six board-certified vascular surgeons at two
tertiary care hospitals: the main university medical
center (n = 283) and an adjoining merged facility
starting in September 1998 (n = 31).
Beginning in late 1996, patients were considered
for admission directly to a standard surgical floor, with
or without telemetry, from the postanesthetic care
unit. The nurse-patient ratio on the surgical floor at
the main university hospital and at the affiliated insti-
tution was 1:4 to 6 and 1:6 to 8, respectively. The
nurse staffing patterns on the floor did not increase in
response to the selective use of the ICU. The decision
to admit patients to the floor or ICU was made in the
operating room at the conclusion of the case.
Indications for ICU admission, outlined in Table I,
included the need for mechanical ventilation or
hemodynamic instability that required volume resus-
citation or vasopressors. The presence of clinically sig-
nificant arrhythmias, a history of uncorrected severe
coronary artery disease (CAD), and severe chronic
obstructive pulmonary disease (COPD) that required
oxygen at home were also indications for ICU obser-
vation. A history of CAD, renal insufficiency, or
COPD was not considered an absolute indication for
intensive care. The pathway was also modified to
stress postoperative epidural analgesia, limiting fluid
intake in the operating room, early ambulation, and
early fluid administration by mouth.
Preoperative and intraoperative variables and
outcome end points were compared between the
two groups. Preoperatively, patient demographics,
comorbidities, laboratory values, aneurysm charac-
teristics, and American Society of Anesthesiologists
(ASA) class were noted. Aneurysm characteristics
included size, location, involvement of the iliac
arteries, and the presence or absence of an inflam-
matory AAA. Intraoperative variables recorded from
the anesthesia record included the use of a pul-
monary artery catheter, crystalloid and colloid infu-
sion (input), estimated blood loss (EBL), cell saver,
and packed red blood cell transfusions and urine
output. The use of the epidural catheter for postop-
erative analgesia during the first 48 hours was also
noted. Technical details, including abdominal or
retroperitoneal approach, aortic cross-clamp posi-
tion, graft configuration, and the need for reimplan-
Table I. Criteria for selective use of the ICU
Admission to ICU
Past medical history
Severe, uncorrected CAD
COPD requiring home O2
Intraoperative factors
Clinically significant arrhythmia
Hemodynamic instability with vasopressor or volume 
requirement
Need for mechanical ventilation
All other patients are candidates for floor admission.
CAD, Coronary artery disease; COPD, chronic obstructive
pulmonary disease, ICU, intensive care unit.
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tation of the inferior mesenteric artery, were record-
ed. The total operating room time was defined as
the time the patient entered to the time the patient
exited the operating suite. The procedure time was
calculated from skin incision to skin closure. 
The main outcome measures were morbidity and
death. Secondary outcome measures included ICU
and hospital LOS and total charges. Death and mor-
bidity were tabulated with the review of the discharge
summary and codes of the International Classification
of Diseases, Ninth Revision, Clinical Modification.
Minor and major complications were compared
between the two groups. A major complication was
defined as any death, myocardial infarction (MI), res-
piratory or renal failure, ischemic colitis, postoperative
surgical bleeding requiring reoperation, or readmis-
sion to the ICU for any reason. Renal failure was
defined as the need for hemodialysis or an increase in
the creatinine level two times over baseline. Respira-
tory failure was defined as the patient needing
mechanical ventilation for more than 72 hours, requir-
ing a tracheotomy, or being readmitted to the ICU for
a pulmonary complication. Results were tabulated
with a computerized spreadsheet (Microsoft Excel;
Microsoft, Redmond, Wash).
Continuous variables were analyzed with the Mann-
Whitney test and contingency tables were subjected to
the χ2 or Fisher exact test as indicated. A P value less
than .05 was considered statistically significant.
RESULTS
Patient demographics and comorbidities. A
comparison of patient demographics and comorbid
conditions between groups is illustrated in Table II.
The two groups were well matched for sex and age
(mean ages, 71.4 and 69.8 years for groups I and II,
respectively). In both groups a greater proportion of
men was noted. Associated comorbid conditions
were similar between patients admitted to the ICU
and to the floor. There was no difference in the pres-
ence of coronary disease, prior MI, or COPD. The
mean aneurysm sizes, 5.98 cm (Group I) and 5.85
cm (Group II), were essentially identical. The mean
ASA class was similar between groups. Preoperative
laboratory values including hematocrit, blood urea
nitrogen concentration, and creatinine level were
comparable. There was a slight, but statistically sig-
nificant difference in hematocrit, 40.9% versus 42.5%
in the ICU and floor groups, respectively (P = .026).
Aneurysm characteristics and intraoperative
variables. Aneurysm characteristics and intraopera-
tive variables are shown in Table III. The site of aor-
tic cross-clamp placement was similar except for a
higher than expected rate of suprarenal clamping in
the group admitted to the floor (4.9% vs 15.7%, P =
.005). A standard midline laparotomy was per-
formed in most patients, and use of the retroperi-
toneal approach was not different between groups
(data not shown). Similar numbers of tube and
Table II. Demographics and cormorbidities of patients admitted to the ICU verus floor
Group I Group II
ICU floor
(n = 245) % (n = 69) % P value*
Mean age (y) 71.4 69.8 NS
Sex
Male 173 70.6 46 66.7 NS
Female 72 29.4 23 33.3 NS
CAD 141 57.6 33 47.8 NS
MI 61 24.9 10 14.5 NS
CABG/PTCA 69 28.2 19 27.5 NS
Hypertension 147 60.0 43 62.3 NS
Arrhythmia 36 14.7 4 5.8 NS
COPD 92 37.6 19 27.5 NS
Home oxygen 10 4.1 1 1.4 NS
PVD 26 10.6 3 4.3 NS
Diabetes 27 11.0 7 10.1 NS
CVD 36 14.7 9 13.0 NS
CEA 14 5.7 2 2.9 NS
Chronic renal insufficiency 16 6.5 3 4.3 NS
Mean aneurysm size (cm) 5.99 5.79 NS
ASA class 3 3 NS
Probability values obtained with the Mann-Whitney test, except sex, which was determined with the χ2 test.
ASA, American Society of Anesthesiologists; CABG/PTCA, coronary artery bypass grafting/percutaneous transluminal coronary
angioplasty; CAD, coronary artery disease; CEA, carotid endarterectomy; COPD, chronic obstructive pulmonary disease; CVD, cere-
brovascular disease; ICU, intensive care unit; MI, myocardial infarction; NS, not significant; PVD, peripheral vascular disease.
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bifurcated prosthetic grafts were used in each group.
The inferior mesenteric artery was reimplanted, and
an inflammatory aneurysm was encountered in a
similar number of cases, although the frequency of
these conditions was low.
Epidural catheters placed in the preoperative
period for postoperative pain control during the first
48 hours were used more often in patients who were
admitted to the floor. Pulmonary artery catheters
were used intraoperatively more frequently in
patients admitted to the ICU. 
Intravenous crystalloid and colloid infusion was
significantly greater in the group admitted to the
ICU (4310 vs 3546 mL, P < .001). The mean trans-
fusion of packed red blood cells was also higher in
patients admitted to the ICU (0.8 vs 0.1 units, P <
.001). The total operating room time and procedure
time were longer in the group managed in the ICU
compared with the floor group (P < .001).
Morbidity and mortality rates. The in-hospital
mortality rate was not different between groups; there
were six postoperative deaths occurring during the 6-
year period, all in the ICU group (2.4%, Table IV).
The overall mortality rate for both groups was 1.9%. 
The rate of major complications was significant-
ly lower in the group who were managed on the
ward (P = .036). The group admitted to the floor
had a lower rate of overall minor complications (P <
.001). However, the incidence of individual major
and minor complications was similar. A trend toward
an increase in atelectasis, pneumonia and respiratory
insufficiency defined as a need for reintubation,
mechanical ventilation exceeding 72 hours, or read-
mission to the ICU for pulmonary toilet was also
noted in Group I. 
Use of the intensive care unit and hospital
length of stay. Floor use increased over the 6-year
period, as shown in the Figure. Direct floor admis-
sions increased with 0%, 0%, 3.3%, 16.3%, 48.6%,
and 43.6% of patients admitted to the ward from
1994 to 1999. ICU LOS decreased from 4.6 to 1.2
days from 1994 to 1999. The mean ICU LOS was
2.5 days for the 6-year period and 1.9 days during
1998 and 1999 (Table V). 
The total hospital LOS decreased from 12.5 to
6.8 days from 1994 to 1999, which was attributable
to the implementation of a previously described clin-
ical pathway. As expected, patients admitted to the
floor after aneurysm repair had a decreased mean
LOS compared with the group spending any num-
ber of days in the ICU, (5.2 vs 8.0 days, respective-
ly, P < .001, Table V). The analysis was repeated for
the patients who were treated only during 1998 and
1999, to avoid the temporal difference between
groups. During this 2-year period, the difference in
hospital LOS remained significantly lower in the
patients who were managed on the floor compared
with the ICU group (5.3 vs 7.2 days, P < .001). The
Table III. Intraoperative variables
Group I Group II
ICU floor 
(n = 245) % (n = 69) % P value*
Aortic cross-clamp
Infrarenal 216 88.2 55 79.7 NS
Juxtarenal 17 6.9 3 4.3 NS
Suprarenal 12 4.9 11 15.9 .005
Prosthetic graft configuration
Tube 148 60.4 43 62.3 NS
Bifurcated 97 39.6 26 37.7 NS
Reimplantation of IMA 6 2.4 3 4.3 NS
Inflammatory AAA 8 3.3 1 1.4 NS
PA catheter 187 67.3 36 52.2 <.001
Epidural 130 46.8 48 69.6 .021
Input (mL) 4310 3546 <.001
Urine output (mL) 675 574 NS
EBL (mL) 1046 791 NS
Cell saver transfusion (mL) 545 612 NS
PRBC transfusion (U) 0.8 0.1 <.001
Total operating time (h) 4:41 4:08 <.001
Procedure time (h) 3:30 2:50 <.001
Probability values obtained with Mann-Whitney or χ2 test when appropriate.
AAA, Abdominal aortic aneurysm; EBL, estimated blood loss; ICU, intensive care unit; IMA, inferior mesenteric artery; NS, not sig-
nificant; PA, pulmonary artery; PRBC, packed red blood cell.
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group spending only 1 day in the ICU, presumably
for monitoring, was also separately analyzed. The
total hospital LOS was shorter in the group that
bypassed the ICU when compared with those who
spent 1 day in the ICU (5.2 vs 6.0 days, respective-
ly, P = .001). 
Because the disposition of patients was the dis-
tinguishing factor between groups, the number of
transfers or readmissions to the ICU was of consid-
erable interest. In the group of 69 patients admitted
directly to the ward, two patients were transferred to
higher acuity settings. One patient was transferred
to the ICU for hypoxemia that required diuresis and
bronchodilators, and another was admitted to a
telemetry floor because of rapid atrial fibrillation. In
the group of 245 patients who were treated in the
ICU for 1 or more days, 14 patients required read-
mission to the ICU after discharge to the floor,
mainly because of respiratory failure. 
Hospital charges. In-hospital charges were
obtained from the Medical Archival Retrieval
System. Cost figures are not available. Charge com-
parison was conducted between the groups over the
entire 6-year period and for 1998 and 1999, when a
significant number of patients began to bypass the
ICU and to avoid effects of the changing hospital
Table IV. Morbidity and mortality
Group I Group II
ICU floor
(n = 245) % (n = 69) % P value*
Death 6 2.4 0 0 NS
Any major complication 41 16.7 4 5.8 .036
Any minor complication 175 71.4 27 39.1 <.001
Acute MI 7 2.9 0 0 NS
Pulmonary edema 27 11.0 3 4.3 NS
Arrhythmia 42 17.1 5 7.2 NS
Respiratory failure 22 9.0 1 1.4 NS
Pneumonia 16 6.5 0 0.0 NS
Atelectasis 60 24.5 9 13.0 NS
Pleural effusion 26 10.6 3 4 NS
Acute renal failure 11 4.5 0 0 NS
Major surgical bleeding 9 3.7 0 0 NS
Ileus 26 10.6 10 14.5 NS
Gastrointestinal bleeding 8 3.3 0 0 NS
Ischemic colitis 4 1.6 0 0 NS
Infectious 34 13.9 5 7.2 NS
*Probability value obtained with the χ2 test.
MI, Myocardial infarction; NS, not significant.
ICU use from 1994 to 1999.
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rate structure over time (Table V). When the entire
6-year period was analyzed, the mean hospital
charges were significantly greater in the group
admitted to the ICU for 1 or more days compared
with those transferred to the floor ($56,065 vs
$32,919, P < .001). These differences were
observed in fiscal years 1998 ($43,697 vs $32,865)
and 1999 ($63,033 vs $33,890) for Groups I and
II. Admission to the ICU for 1 day also significant-
ly increased hospital charges when compared with
the group who were managed on the floor ($39,826
vs $32,918, P < .001). 
The effect of full implementation: analysis of
1998-1999. For the accurate description of more
recent and comparable groups, the period 1998-
1999, when the pathway was fully implemented, was
analyzed separately. Patients admitted to the ICU
had a higher mean age (73.0 vs 70.3 years, P = .04)
and a greater incidence of CAD (66% vs 44%, P =
.02) and prior MI (28% vs 12%, P = .048). All other
comorbidities, mean AAA size, and ASA class were
similar between the groups. 
The use of epidural analgesia was more uniform
between the ICU and floor groups: 67% and 76%,
respectively (P = not significant). The difference in
PA catheter use remained between patients treated
in the ICU (72%) and patients managed on the floor
(55%) (P = .023). The EBL was higher in the ICU
group and reached statistical significance (1249 vs
797 mL, P = .005). The total operating room time
and procedure time were significantly higher in the
group of patients admitted to the ICU.
From 1998-1999, there were two deaths (over-
all mortality rate, 1.5%), both in the ICU group.
There was no difference in the overall major or indi-
vidual complication rates, whereas the difference in
overall minor morbidity was significant.
The patients who were intentionally placed on
the pathway were analyzed to derive the proportion
of patients who can be managed on the ward. Fifty-
three (63%) of 83 patients were transferred directly
to the floor. There was no death in either group. 
DISCUSSION
Technologic advances and economic pressures are
frequently the impetus for the critical analysis of stan-
dards of care in medical practice. The ICU has been
routinely used postoperatively in the management of
patients with vascular disorders because of their
advanced age, significant associated cardiac and pul-
monary comorbidities, and the physiologic impact of
major vascular procedures. The routine use of the
ICU was first challenged and shown to be safe and
effective after carotid endarterectomy.12-15
The seemingly rapid development of endovascu-
lar techniques has challenged the conventional man-
agement of AAAs. This advance has prompted a
widespread evaluation of all outcomes after AAA
repair including morbidity, death, LOS, and cost.
Cunneen et al16 reported the experience of a large
university-based group with reducing ICU LOS
after elective and ruptured AAA repair and docu-
mented decreased costs with this approach. This
study did not include a group who were managed on
the ward alone. Podore and Throop17 recently
reported the use of a clinical pathway with selective
ICU admission directed at a 3-day postoperative
LOS. In this observational study, only 12% of a
study population of 50 patients were admitted to the
ICU. The authors did not report complications but
implied success with this approach through the
achievement of a 3-day postoperative LOS. They
emphasized the need for early ambulation and feed-
ing in reaching this goal. No study on selective use
of the ICU, including a large number of patients
from a single institution, has been reported.
Before routine use of the ICU after elective
infrarenal AAA repair can be abandoned, it is imper-
ative to document that selective use is safe in terms
of morbidity and death. Our results, which reflect a
Table V. ICU LOS, hospital LOS, and charges, 1994-1999 and 1998-1999
ICU Floor P value
ICU LOS (d)
1994-1999 2.5 n/a
1998-1999 1.9 n/a
Hospital LOS (d)
1994-1999 8.0 5.2 < .001
1998-1999 7.2 5.3 < .001
Charges ($)
1994-1999 56,i065 32,919 < .001
1998-1999 56,982 33,283 < .001
ICU, Intensive care unit; LOS, length of stay; n/a, not applicable.
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group of patients admitted to the ICU compared
with another managed on the surgical floor alone,
seem to indicate that it is. No increase in death or
morbidity was noted as the policy was gradually
applied. The groups are representative of patients
with aneurysmal disease and were well matched for
age, ASA class, aneurysm size, and complexity of
repairs that were based on intraoperative variables.
The incidence of major comorbid conditions such as
CAD and COPD was similar between groups. The
groups were also well matched in the prevalence of
chronic renal insufficiency and preoperative blood
urea nitrogen, which have been correlated with
mortality after elective AAA repair.18 Most patients
managed on the vascular floor did not later require
intensive care, which validated the decision to selec-
tively use the ICU. The equivalent outcomes
achieved in these patients with less intense manage-
ment after AAA repair illustrate the effectiveness of
this approach.
These results were achieved despite a relatively
high-risk patient population. The complex patient
population was typical of a tertiary hospital referral
practice. Several patients who were receiving oxygen
therapy at home were included and treated with a
previously described protocol.19 Also, the practice of
selective use of the ICU coincided with the intro-
duction of endovascular treatment to our institution.
Most patients with good infrarenal necks and nondi-
lated iliac arteries were enrolled in the endovascular
protocols. The open procedures gradually became
more technically challenging, as evidenced by the
higher incidence of suprarenal cross-clamping of the
aorta in the group who were managed on the floor.
This is more a reflection of the period of intervention
rather than a higher complexity of the patients trans-
ferred to the floor.
It may not be fair to compare Groups I and II as
defined because many changes during the 6-year
period of the study could have influenced the out-
come. This analysis was chosen, however, to show
the effect of a gradual introduction of such a policy
on the entire group practice. When the effect of full
implementation was analyzed from 1998-1999, the
policy continued to maintain its record of safety.
Epidural analgesia has been shown to reduce car-
diac and pulmonary complications, ICU LOS, and
hospital charges after elective AAA repair.20
Although we have no data to support it, we think
that the use of this modality in more than 70% of
our patients sent to the floor has been associated
with less pulmonary morbidity and faster ambula-
tion. Early extubation in the operating room has
been well tolerated in most patients, with some of
the credit going to the epidural catheter. A con-
scious effort was made by the anesthesia team to
reduce fluid administration to the minimum neces-
sary to maintain an adequate urine output or filling
pressures on invasive monitoring. This practice,
which we reported earlier to decrease the incidence
of postoperative pulmonary edema, has also subjec-
tively allowed the earlier return of gastrointestinal
function and feeding. Our new pathway includes the
introduction of a regular diet on the third postoper-
ative day with discharge scheduled as early as the
fourth day. Epidural catheters and reduced fluid
administration should be encouraged when a selec-
tive ICU policy is implemented.
Although the achievement of reduced hospital
cost may seem intuitively obvious for patients not
admitted for intensive care, this would not be expect-
ed if this group experienced a greater number of
postoperative complications that resulted in either
subsequent ICU admission or prolonged LOS. This
did not appear to be the case. Rather, admission to
the ICU overnight after elective infrarenal AAA
repair served to prolong discharge by approximately
1 day. The elimination of 1 day of routine admission
to the ICU resulted in reduced charges of approxi-
mately $6900. We targeted this group for compari-
son because it is potentially these patients who may
benefit from a selective admission program. 
The major limitations to this study are its retro-
spective nature and the few but potentially significant
differences between groups. Although the groups
were similar in terms of preexisting CAD, we did not
stratify patients according to ejection fraction or
results of preoperative cardiac stress testing, which
may be important for future studies. The low rate of
postoperative MI (2.9%) probably reflects our
aggressive policy of ruling out uncorrected severe
coronary disease in this population. Other differ-
ences include a higher fluid and transfusion volume
in the group managed in the ICU and longer proce-
dure time. In previous studies, fluid overload and
procedure duration have been identified as factors in
prolonging LOS and increasing charges after elective
infrarenal AAA repair.11,18,21 This is in part due to
the earlier period of treatment in this group because
previous pathways were being implemented and to
selection bias in later years because more complex
patients were sent to the ICU. 
Another limitation of this study rests with the
reason for admission to the ICU, which is not well
documented, which makes conclusions about the
necessity of intensive care in Group I impossible.
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The results of this study have modified the postop-
erative care of patients at our institution. A prospec-
tive study with the goal of defining clinical variables
that predict success of this approach is necessary.
Patient and family acceptance of this approach has
been excellent, although we do not have an objec-
tive measure of this outcome at this time.
SUMMARY
Selective use of the ICU after open elective AAA
repair is feasible and safe. It can be applied in more than
60% of patients who present for this procedure at a ter-
tiary medical center, without any negative impact on
morbidity and death. Hospital resources are preserved
with this approach, and costs savings are significant.
We would like to acknowledge Melissa Saul for assis-
tance with data gathering and management with the
Medical Archival Retrieval System.
REFERENCES
1. Blankensteijn JD, Lindenburg FP, Van der Graaf Y,
Eikelboom BC. Influence of study design on reported mor-
tality and morbidity rates after abdominal aortic aneurysm
repair. Br J Surg 1998;85:1624-30.
2. Dardik A, Lin JW, Gordon TA, Williams GM, Perler BA.
Results of elective abdominal aortic aneurysm repair in the
1990s: a population-based analysis of 2335 cases. J Vasc Surg
1999;30:985-95.
3. Katz DJ, Stanley JC, Zelenock GB. Operative mortality rates
for intact and ruptured abdominal aortic aneurysms in
Michigan: an eleven-year statewide experience. J Vasc Surg
1994;19:804-15; discussion 816-7.
4. Lawrence PF, Gazak C, Bhirangi L, et al. The epidemiology
of surgically repaired aneurysms in the United States. J Vasc
Surg 1999;30:632-40.
5. Zarins CK, White RA, Schwarten D, et al. AneuRx stent graft
versus open surgical repair of abdominal aortic aneurysms:
multicenter prospective clinical trial. J Vasc Surg 1999;29:292-
305; discussion 306-8.
6. Moore WS, Kashyap VS, Vescera CL, Quiñones Baldrich WJ.
Abdominal aortic aneurysm: a 6-year comparison of endovas-
cular versus transabdominal repair. Ann Surg 1999;230:298-
306; discussion 306-8.
7. Makaroun M, Zajko A, Orons P, et al. The experience of an
academic medical center with endovascular treatment of
abdominal aortic aneurysms. Am J Surg 1998;176:198-202.
8. Seiwert AJ, Wolfe J, Whalen RC, Pigott JP, Kritpracha B, Beebe
HG. Cost comparison of aortic aneurysm endograft exclusion
versus open surgical repair. Am J Surg 1999;178:117-20.
9. Quiñones Baldrich WJ, Garner C, Caswell D, et al. Endovascular,
transperitoneal, and retroperitoneal abdominal aortic aneurysm
repair: results and costs. J Vasc Surg 1999;30:59-67.
10. Sternbergh WC III, Money SR. Hospital cost of endovascu-
lar versus open repair of abdominal aortic aneurysms: a mul-
ticenter study. J Vasc Surg 2000;31:237-44.
11. Muluk SC, Painter L, Sile S, et al. Utility of clinical pathway
and prospective case management to achieve cost and hospi-
tal stay reduction for aortic aneurysm surgery at a tertiary
care hospital. J Vasc Surg 1997;25:84-93.
12. Hirko MK, Morasch MD, Burke K, Greisler HP, Littooy FN,
Baker WH. The changing face of carotid endarterectomy. J
Vasc Surg 1996;23:622-7.
13. Morasch MD, Hirko MK, Hirasa T, et al. Intensive care after
carotid endarterectomy: a prospective evaluation. J Am Coll
Surg 1996;183:387-92.
14. Back MR, Harward TR, Huber TS, Carlton LM, Flynn TC,
Seeger JM. Improving the cost-effectiveness of carotid
endarterectomy. J Vasc Surg 1997;26:456-62; discussion 463-4.
15. Rigdon EE, Monajjem N, Rhodes RS. Criteria for selective
utilization of the intensive care unit following carotid
endarterectomy. Ann Vasc Surg 1997;11:20-7.
16. Cunneen SA, Wagner WH, Shabot MM. Outcomes from
abdominal aortic aneurysm resection: does surgical intensive care
unit length of stay make a difference? Am Surg 1998;64:196-9.
17. Podore PC, Throop EB. Infrarenal aortic surgery with a 3-
day hospital stay: a report on success with a clinical pathway.
J Vasc Surg 1999;29:787-92.
18. Cohen JD, Singer P, Grunberg G, Grozovski E, Sulkes J,
Zelikovski A. Outcome after elective infrarenal aortic
aneurysm surgery. World J Surg 1998;22:278-82.
19. Eskandari MK, Rhee RY, Steed DL, et al. Oxygen-dependent
chronic obstructive pulmonary disease does not prohibit aor-
tic aneurysm repair. Am J Surg 1999;178:125-8.
20. Major CP Jr, Greer MS, Russell WL, Roe SM. Postoperative
pulmonary complications and morbidity after abdominal
aneurysmectomy: a comparison of postoperative epidural ver-
sus parenteral opioid analgesia. Am Surg 1996;62:45-51.
21. Sandison AJ, Wyncoll DL, Edmondson RC, Van Heerden N,
Beale RJ, Taylor PR. ICU protocol may affect the outcome
of non-elective abdominal aortic aneurysm repair. Eur J Vasc
Endovasc Surg 1998;16:356-61.
Submitted Mar 27, 2000; accepted Jun 21, 2000.
Collaborative care plan table is available on the web.
DISCUSSION
ity overall was 1.9% and the MI rate was 2.9%, so these are
really superb results. This is really a retrospective review of
two groups of patients. One group went to the ICU and
one group went to the floor, and it’s not surprising when
you do this comparison that those patients that went to
the ICU had longer operations, received more blood
transfusions, got more fluids, got more PA catheters, and
had more minor and major complications. That is not so
Dr James O. Menzoian (Boston, Mass). I appreciate
the opportunity to comment on this paper. I think this is
yet another example, as is the previous paper, that we now
have contemporary series that we can use for comparisons
with some of the more modern endovascular techniques.
The results in this study were exceptional. ICU length of
stay was reduced from 4.6 to 1.2 days. Total length of stay
was reduced from 12.5 days to 6.8 days. Hospital mortal-
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surprising. What is unclear to me though is how you made
the selection as to what path the patient would go into. I
know that you listed that if they had home oxygen, had
cardiac and pulmonary morbidity, these patients would
go, but what do you do with the patient whose operation
took a little bit longer and you gave them a little bit more
blood than you had decided? Does this alter your selection
criteria? Because really that is the most important thing.
How do I decide which patient goes to the ICU and
which patient goes to the floor? 
You make a statement in your paper that some of the
reduced morbidity could be that more of the patients that
went to the floor had epidural anesthesia versus general
anesthesia and you make reference to one paper, but I
think that is a little bit of a debatable issue. There are some
more recent series with vascular patients that were ran-
domized to the type of anesthetic, and really the morbid-
ity and mortality weren’t any different. 
Finally, you say that you altered your critical pathway.
Maybe you could elaborate a little bit more on what the
alterations to your established critical pathway were. 
Thank you very much.
Dr Daniel J. Bertges. I’ll answer the last question first,
with regard to how the pathway was modified. This was
reported earlier by Dr Muluk, and the pathway was modified
more than just sending patients directly to the floor. We also
had a conscientious effort to reduce intraoperative fluids and
to use the epidural catheter more often. And I do admit that
we have no data in this paper to support the use of the
epidural catheter, but only to report that we do, as part of
our pathway, make an effort to try to use that more often in
patients but this paper did not specifically address that. 
With regard to your first question, how do you decide
which patients to send to the ICU, I don’t think you can
come away from this paper with firm conclusions as to
which patients to send to the ICU other than looking at
our exclusion criteria and our criteria for admission to the
ICU. I think this policy was gradually adopted at our insti-
tution, and at least within the group some surgeons were
more in favor than others of sending patients to the floor,
although recently this has not been the case, so I think it
will require more of a prospective look to determine which
patients we can safely send to the floor other than what
was mentioned here.
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